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Abstract
The effect of organic and inorganic fertilization on yield and biomass quality of two species: quinoa 
(Chenopodium quinoa Willd.) and green amaranth (Amaranthus retroϔlexus L.) was studied in this paper. The 
agronomic performance and nutritional value of quinoa and green amaranth was analyzed in order to establish them 
as alternatives to local forages for dry-season feeding of ruminants in the Mediterranean region. The experiment 
was laid out in a split-plot design with two replicates, two main plots (quinoa and amaranth) and four sub-plots 
(fertilization treatments: control, inorganic fertilization, compost and cow manure). The results indicated a clear 
superiority of quinoa over the amaranth in height and dry matter, while there were no differences in the nutritional 
value of biomass between the two species. In general, fertilization had a positive impact on growth and yield of 
both species. Fertilization with compost showed higher values in most quality traits of biomass in the quinoa crop, 
while inorganic fertilization had better results in amaranth. The results of this study suggest that  quinoa and green 
amaranth crops could be used as an alternative feed over spring legumes in dry-warm Mediterranean areas.
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INTRODUCTION   
Quinoa and amaranth belong to the group 
of crops known as pseudocereals that includes 
other domesticated chenopods, amaranths and 
buckwheat. Quinoa (Chenopodium quinoa Willd.), 
is a stress-tolerant plant, cultivated along the 
Andes, from about 3000 B.C. It is still cultivated 
in Peru, Bolivia, Chile, Ecuador, Colombia and 
Argentina (Gonzalez et al., 2012). Its grains have a 
high-protein content with abundance of essential 
amino acids, and a wide range of vitamins, minerals 
and saponin and it is a promising worldwide plant 
for human consumption and nutrition (Bilalis et al., 
2012; Vega-Gálvez et al., 2010). The Organization 
of the United Nations for Food and Agriculture 
(FAO) has declared the year 2013 as the year of 
the quinoa (FAO, 2013).
The genus Amaranthus includes about 
60 species, most of which are cosmopolitan 
weeds associated with difϐiculties in cultivation 
practices after soil disturbance and seed exposure 
to light. The three principal species of genus 
Amaranthus, originating in South America are A. 
hypochondriacus L., A. cruentus L. and A. caudatus 
L., cultivated for their seeds which used as cereals 
and their edible leaves (Bressani, 2003). In Greece 
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834/2007). The experiment was laid out in a 
split-plot design with two replicates, two main 
plots (quinoa and green amaranth) and four sub-
plots [fertilization treatments: control, inorganic 
fertilization (fertilizer 26-0-0 with 100 kg N ha-1), 
seeweed compost (2000 kg ha-1 Posidonia 1-2% 
N, CompostHellas) and cow manure (2000 kg ha-1, 
1.24% N)]. The main plot size was 90 m2 and the 
sub-plot 20 m2 with wheat (Triticum turgidum 
subsp. durum L.) as preceding crop. Quinoa and 
green amaranth were sown on 23th of Mars 2013 
by hand in rows 30 cm apart at a depth of 2-3 cm 
at a rate of 10 kg ha-1. Overhead sprinkler system 
was set up on the ϐield. The total quantity of water 
was 180 mm. Finally, weeds were controlled by 
hand hoeing when necessary.
For the computation of fresh and dry weight, 
height and LAI (110 DAS), 10 plants were 
randomly selected in each plot. The dry weight 
was determined after drying for 72 h at 70ºC. 
Leaf area was measured using an automatic 
leaf area me ter (Delta-T Devices Ltd). Thus, the 
measurements of plant basis were converted into 
a LAI by multiplying by the average crop density of 
each plot. In each subplot 10 plants were collected 
(110 DAS) and oven-dried to constant weight at 
70ºC. The samples were ground to ϐine powder 
and used for determinations of total ash content, 
crude fat (Soxhlet extractor), total nitrogen content 
and acid detergent ϐibre. The total nitrogen was 
determined by the Kjeldahl method. Moreover, 
total protein content was calculated from the 
nitrogen content using a conversion factor of 6.25 
(AOAC, 2009). Acid detergent ϐibre (ADF) was 
determined according to the methods of Van Soest 
et al. (1991). 
Weather data (air temperature and raifall) 
were recorded daily and are reported as mean 
monthly data for the cultivation period (Table 1). 
The spring was quite mild and had lower rainfall 
compared to the 35-year average. 
The data were subjected to statistical analysis 
according to the split-plot design. The statistical 
analysis was performed with STATGRAPHICS 
Plus 5.1 logistic package. Differences between 
treatment means were compared at P=5% with 
ANOVA in order to ϐind the statistically signiϐicant 
differences.
green amaranth (Amaranthus retroϔlexus L.) is 
a native plant appreciated in young stage for his 
edible leaves. 
The number of studies on fertilization 
requirements of pseudocereals is still quite limited. 
For amaranth it was shown that N fertilization 
enhanced grain yield in many environments 
(Elbehri et al., 1993). The grain yield of quinoa 
was signiϐicantly increased by increasing N 
fertilization from 40 to 160 kg ha−1, the yield 
response, however, was only moderate (Jacobsen 
et al., 1994). Moreover, limited data are available 
regarding the fodder quality of quinoa and green 
amaranth crops. Bhargava et al. (2010) reported 
that the foliage of many species of Chenopodium 
(C. album, C. berlandieri, C. bushianum, C. 
giganteum, C. murale, C. quinoa,and C. ugandae) is 
a rich source of minerals like potassium, sodium, 
calcium and iron. The foliage of quinoa is rich in 
protein, carotenoid and ascorbic acid. Therefore, 
members of the genus Chenopodium are used as a 
foliage crop and fodder in many parts of the world 
(Bhargava et al., 2010). 
In temperate regions, white clover (Trifolium 
repens L.) is the predominant species used for 
grazing, whereas red clover (Trifolium pratense 
L.) and alfalfa (Medicago sativa L.) are cultivated 
mainly for hay and silage making (Krawutschke 
et al., 2013, Papanastasis and Mansat, 1996). 
Drought is an adverse factor that forages must 
cope with in the Mediterranean region. Quinoa is 
able to tolerate drought and can grow with only 
200 mm of rainfall. (Jacobsen, 2003; Razzaghi et 
al., 2012). 
Therefore, the aim of this study was to de-
ter mine the effects of different fertilization 
treatments on yield and biomass quality of quinoa 
and green amaranth under Mediterranean semi-
arid conditions.
MATERIALS AND METHODS   
The research has been carried out at the 
Agricultural University organic farm located 
in Athens (southern Greece: latitude 37°58´ 
N, longitude 23°32´ E, altitude 30 m above sea 
level) from Mars to July 2013. The soil was clay 
loam (29.8 % clay, 34.3 % silt and 35.9 % sand) 
with pH 7.29, NO
3
-N 12.4 mg kg-1 soil, available P 
13.2 mg kg-1 soil, available K 201 mg kg-1 soil and 
1.47 % organic matter. The site was managed 
according to organic agri culture guidelines (EC 
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Different lower-case letters within a co-
lumn indicate signiϐicant differences between 
fertilization mean values (P<0.05). Different 
upper-case letters within a column indicate 
signiϐicant differences between the  mean values 
of different species (P<0.05).
Leaf area index (LAI) showed small differen-
ces between the plant species and was not 
inϐluenced by the fertilization treatments. 
Although no statistically signiϐicant differences 
were observed, the green amaranth responds 
RESULTS AND DISCUSSION  
The analysis of variance of our data revealed 
signiϐicant differentiation of plant height between 
the two species, the lowest values were found 
in green amaranth (Table 2). Fertilization had a 
posistive effect on plant height compared with 
the control. In particular, inorganic N fertilization 
and cow manure showed higher values in quinoa 
crop, while there where no signiϐicant differences 
between the fertilization treatments in green 
amaranth. 
PAPASTYLIANOU et al
Tab. 1. Monthly means of air temperature and rainfall during Mars to July 2013 and the 35-year average 
(1979-2013) at Athens, Greece.
Months
Temperature (ºC ) Rainfall (mm)
2013 35-years average 2013 35-years average
March 14,4 12,3 14,6 43,1
April 18,4 16,0   2,6 30,7
May 23,4 20,8   6,2 17,0
June 26,0 25,6 12,0   7,8
July 28,6 28,2 0   6,6
Tab. 2. Effects of plant species (quinoa and green amaranth) and fertilization (control, inorganic N 
fertilization, compost, cow manure) on height (cm), leaf area index  (LAI), dry and fresh biomass 
weight (kg ha-1).
Species Fertilization Height (cm) LAI
Dry biomass 
weight (kg ha-1)
Fresh biomass 
weight  (kg ha-1)
Quinoa Control 150,5 Ac 2,87 5500 45250
Inorganic N 175,0 Aa 3,26 5900 53750
Compost 163,0 Ab 3,12 8430 77500
Manure 169,0 Aab 2,94 7390 77000
Average 164,4 A 3,05 6800 63380
Amaranth Control 90,0 Ba 2,72 5250 42500
Inorganic N 92,0 Ba 3,43 5500 45750
Compost 95,0 Ba 3,48 6750 71000
Manure 93,0 Ba 3,21 6500 63380
Average 92,5 B 3,21 6000 55660
Average Control 120,3 c 2,80 5380 a 43880 a
Inorganic N 133,5 a 3,34 5700 a 49750 a
Compost 129,0 b 3,30 7590 b 74250 b
Manure 131,0 ab 3,07 6950 ab 70190 b
Species ** ns ns ns
Fertilization *** ns * *
Species × 
Fertilization
*** ns ns ns
ns, not signiϐicant; signiϐicant at * P<0.05, ** P<0.01, *** P<0.001.
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protein content (Table 3). Forage species differ in 
their crude protein content. Dugalić et al. (2012) 
reported that crude protein content in alfalfa plants 
ranged between 21.7% - 25.9% and Kakabouki 
et al. (2014) observed higher values of crude 
protein in quinoa plants treated with inorganic N 
fertilization (23%) compared with cow manure 
(21%). Forage intake is affected by crude protein, 
ϐibre and ash content (Ibrahim et al., 2012). Acid 
detergent ϐibre is a major indicator of digestibility, 
negatively affects feed quality (Han et al., 2003). In 
quinoa, the fertilization treatment with compost 
revealed higher values of crude protein, total ash, 
crude fat and lower values of acid detergent ϐibre 
compared with the other fertilization treatments, 
while inorganic N fertilization showed better 
results in green amaranth crop.
Different lower-case letters within a column 
indicate signiϐicant differences between fertiliza-
tion mean values (P<0.05). Different upper-
case letters within a column indicate signiϐicant 
differences between the  mean values of different 
species (P<0.05).
better to fertilization than quinoa. Similar results 
concerning the positive response of the quinoa 
crop to inorganic N fertilization reported by other 
resrearchers (Schooten and van Pinxterhuis, 2003; 
Schulte auf’m Erley et al., 2005). Moreover, Bilalis 
et al. (2012) and Kakabouki et al. (2014) did not 
observed differences in leaf area index between the 
fertilization treatments in quinoa crop. The lower 
yield values in fresh and dry weight were occured 
for both plant species without fertilization, while 
the compost and cow manure treatments showed 
higher yield values (Table 2). Data from other 
studies showed the positive impact of the organic 
fertilization on  dry matter yield in quinoa reaching 
8650 kg ha-1 and 8800 kg ha-1 for compost and cow 
manure, respectively (Bilalis et al. 2012).
Signiϐicant interaction (P>0.01) among the 
studied factors (i.e. plant species and fertilization 
treatments) were observed for the biomass 
qualitative characteristics, speciϐically in total ash, 
acid detergent ϐibre (ADF) and crude fat, while 
there are not signiϐicant differences between the 
fertilization treatments for total ash and crude 
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Tab. 3. Effects of plant species (quinoa and green amaranth) and fertilization (control, inorganic N 
fertilization, compost, cow manure) on total ash, acid detergent ϐibre, crude fat and crude protein 
content as % of the sample dry weight.
Species Fertilization Total ash
Acid detergent 
ϐibre
Crude fat Crude protein 
Quinoa Control 18,2 Aa 28,4 Aa 2,50 Aa 12,5
Inorganic N 18,0  Aa 32,1 Aa 2,20 Aa 11,1
Compost 18,8  Aa 30,8 Aa 2,87 Aa 14,7
Manure 18,7  Aa 27,1 Aa 2,16 Aa 13,0
Average 18,4 A 29,6 Α 2,43 Α 12,8
 Amaranth Control 22,0 Ba 26,2 Αa 1,72 Ba 10,8
Inorganic N 22,3 Ba 26,5 Ba 1,64 Ba    8,4
Compost 19,2 Aa 23,4  Βa 1,29 Ba   9,1
Manure 21,1 Ba 20,4  Ba 1,60 Ba   8,8
Average 21,2 B 24,1 Α 1,56 Α   9,3
Average Control 20,1 a 27,3 a 2,11 a 11,6
Inorganic N 20,2 a 29,3 a 1,92 ab   9,7
Compost 19,0 a 27,1 a 2,08 a 11,9
Manure 19,9 a 23,8 b 1,88 b 10,9
Species ns ns ns ns
Fertilization ns * * ns
Species × Fertilization ** ** ** ns
ns, not signiϐicant; signiϐicant at * P<0.05, ** P<0.01, *** P<0.001.
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acid detergent ϐibre content in barley grain. J Cereal Sci 
38:167-172. 
10. Ibrahim M, Ayub M, Tanveer A,Yaseen M (2012). Forage 
quality of maize and legumes as monocultures and 
mixtures at different seed ratios. J Anim Plant Sci 22:987-
992.
11. Jacobsen SE, Jørgensen I, Stølen O (1994). Cultivation of 
quinoa (Chenopodium quinoa) under temperate climatic 
conditions in Denmark. J Agric Sci 122:47–52.
12. Jacobsen SE (2003). The Worldwide Potential for Quinoa 
(Chenopodium quinoa Willd.). Food Rev Int 19:167-177.
13. Kakabouki I, Bilalis D, Karkanis A, Zervas G, Tsiplakou 
E, Hela D (2014). Effects of fertilization and tillage 
system on growth and crude protein content of quinoa 
(Chenopodium quinoa Willd.): An alternative forage crop. 
Emir J Food Agric 26:18-24.
14. Krawutschke M, Kleen J, Weiher N, Loges R, Taube F, 
Gierus M (2013). Changes in crude protein fractions of 
forage legumes during the spring growth and summer re-
growth period. J Agric Sci 151:72-90.
15. Papanastasis VP, Mansat P (1996). Grasslands and 
related forage resources in Mediterranean areas, pp. 47-
57. In: Grassland and Land System (G. Parente, J. Frame 
and S. Orsi eds). Proceedings of the 16th General Meeting 
of European Grassland Federation, Grado-Gorizia, Italy, 
September 1996.
16.  Razzaghi F, Plauborg F, Jacobsen SE,  Jensen CR, Andersen 
MN (2012). Effect of nitrogen and water availability of 
three soil types on yield, radiation use efϐiciency and 
evapotranspiration in ϐield-grown quinoa. Agric Water 
Manage 109:20-29.
17. Schooten HA, van Pinxterhuis JB (2003). Quinoa as 
an alternative forage crop in organic dairy farming. In: 
Proceedings of the 12th Symposium of the European 
Grassland Federation, Pleven, Bulgaria. pp. 445-448.
18. Schulte auf’m Erley G, Kaul HP, Kruse M, Auϐhammer W 
(2005). Yield and nitrogen utilization efϐiciency of the 
pseudocereals amaranth, quinoa and buckwheat under 
differing nitrogen fertilization. Eur J Agron 22:95-100.
19. Van Soest PJ, Robertson JB, Lewis BA (1991). Methods 
for dietary ϐiber, neutral detergent ϐiber, and nonstarch 
polysaccharides in relation to animal nutrition. J Dairy Sci 
74:3583–3597.
20. Vega-Gálvez A, Miranda M, Vergara J, Uribe E, Puente 
L, Martínez EA (2010). Nutrition facts and functional 
potential of quinoa (Chenopodium quinoa Willd.), an 
ancient Andean grain: a review. J Sci Food Agric 90:2541-
2547.
 CONCLUSION   
The results indicated a clear superiority 
of quinoa over the amaranth in height and dry 
matter, while there were no differences in the 
nutritional value of biomass between the two 
species. In general, fertilization had a positive 
impact on growth and yield of both pseudocereals. 
Fertilization with compost showed higher values 
in most quality traits of biomass in the quinoa crop, 
while inorganic fertilization had better results in 
amaranth. The results of this study suggest that 
the quinoa and amaranth crops could be used as 
an alternative feed over spring legumes in dry-
warm Mediterranean areas.
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